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Abstract
We study a variation to the SUSY Left-Right symmetric model based on the gauge group
SU(3)c×SU(2)L×SU(2)R×U(1)BL. Beyond the quark and lepton superfields we only introduce
a second Higgs bidoublet to produce realistic fermion mass matrices. This model does not
include any SU(2)R triplets. We calculate renormalization group evolutions of soft SUSY
parameters at the one-loop level down to low energy. We find that an SU(2)R slepton doublet
acquires a negative mass squared at low energies, so that the breaking of SU(2)R × U(1)BL →
U(1)Y is realized by a non-zero vacuum expectation value of a right-handed sneutrino. Small
neutrino masses are produced through neutrino mixings with gauginos. Mass limits on the
SU(2)R × U(1)BL sector are obtained by direct search results at the LHC as well as lepton-
gaugino mixing bounds from the LEP precision data.
1 okadan@ua.edu
2 npapapietro@crimson.ua.edu
I. INTRODUCTION
Nature at low energies can be described by a vector-like model known as Quantum Electro-
dynamics (QED). Adding the strong interactions into the mix, nature retains its indifference
to a fields’ handedness. At higher energies, we encounter the Standard Model (SM) which is
a chiral theory that is broken down into QED via Electroweak Symmetry Breaking (EWSB).
Among the fermions in the SM only left-handed fields interact under SU(2)L. This question
of why does such a parity violation exist as well many others are not cannot be answered by
the SM alone. Motivation for nature returning to vector-like at TeV scales and higher has led
to Left-Right symmetric Models (LRMs) being introduced. The first LRM was a broken Pati-
Salam model [1] introduced in [2] with the gauge group SU(3)c × SU(2)L × SU(2)R ×U(1)BL.
The LR symmetry must be broken at low energies, TeV scale LRMs are being once again con-
sidered from the view point of the Large Hadron Collider (LHC) experiments. The current
lower bound on the SU(2)R charged gauge boson (WR) is found to be around 3 TeV [3] (see
also [4] on the lower bound from rare decay processes).
Historically the first type of LR symmetry breaking was done by a SU(2)R doublet Higgs
field[5, 6]. After the introduction of the seesaw mechanism [7], breaking LR symmetry by
SU(2)L and SU(2)R triplets was considered. This case has new sets of unnaturalness problems
with keeping the SU(2)L triplet vacuum expectation value (VEV) at the neutrino mass scale [8].
Its minimal superymmetric (SUSY) extensions have been suggested before, however broken by
triplet superfields [2, 9, 10]. Triplet Higgs superfields lead to a U(1)em violating vacuum [11, 12].
To keep a U(1)em invariant vacuum, at least one generation of right-handed scalar neutrino N˜
c
must acquire a nonzero VEV. If we consider a supersymmetric LRM with the gauge group
SU(3)c × SU(2)L × SU(2)R × U(1)BL, the the right-handed slepton doublet plays a role of
the SU(2)R doublet Higgs field and a VEV of right-handed scalar neutrino N˜
c can break the
LR symmetry down to the SM one [18]. It has been shown [13] that in the B-L extension of
the minimal suspersymmetric Standard Model (MSSM), the gauge group SU(3)c × SU(2)L ×
U(1)Y × U(1)BL is successfully broken down to to the SM one by 〈N˜ c〉. In this context of the
U(1)BL extension of the MSSM, radiative symmetry breaking can occur when N˜
c’s mass squared
becomes negative at low energies [14, 15]. Generally the seesaw mechanism comes about from
a triplet scalar VEV inducing a Majorana mass term for the right-handed neutrino. However
in this model, the seesaw is induced by the mixing between gaugino and neutrino [16, 17].
The main focus of this paper is to propose a class of supersymmetric LRMs, where only
a second Higgs bidoublet superfield is newly introduced, and the LR symmetry is radiatively
broken into the MSSM purely by the VEV of the neutral component of right-handed slepton
doublet. The LR symmetry breaking without any additional Higgs fields has been considered
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SU(3)c SU(2)L SU(2)R U(1)BL
Q =

 u
d

 3 2 1 1/3
Qc =

 uc
dc

 3¯ 1 2 −1/3
L =

 ν
e

 1 2 1 −1
Lc =

 νc
ec

 1 1 2 1
Φi =

 φ+ φ01
φ02 φ
−

 1 2 2 0
TABLE I: Particle content of our SUSY LR model. Two bidoubelt Higgs superfields Φi
(i = 1, 2) are introduced. Here, we suppress the generation indices on the quark and lepton
superfields
before [18], where a negative mass squared for the right-handed slepton doublet is assumed.
Here we calculate the renormalization group equations (RGEs) at the one-loop level and evolve
them from some intermediate scale down to the TeV scale. We find that the mass squared of
the right-handed slepton becomes negative and hence the LR symmetry is radiatively broken.
After the breaking, a charged lepton mixes with a charged gaugino, creating a sever bound on
the gaugino mass from the electroweak precision measurements. The neutral lepton component
mixes with neutral gauginos and creates a heavy neutrino with a TeV scale mass. After EWSB
the seesaw mechanism works to produce sub-eV scale neutrino masses. With the additional
Higgs bidoublet, there are enough free parameters to reproduce realistic SM fermion mass
matrices.
II. PARTICLE CONTENT
The particle content remains largely unchanged from the MSSM as can bee seen in Table I.
We extend the particle content in [18] by an extra Higgs bidoublet, which is necessary to obtain
the realistic SM fermion mass matrices, otherwise there is no flavor mixing in the model. The
2
superpotential can be written down (flavor sums implied) as
W = YqQT τ2Φ1τ2Qc + Y ′qQT τ2Φ2τ2Qc
+ YeL
T τ2Φ1τ2L
c + Y ′eL
T τ2Φ2τ2L
c + µiiTr
(
ΦTi τ2Φiτ2
)
, (1)
where we work the diagonal basis for the Higgs bidoublet without loss of generality. We
can integrate a heavy Higgs bidoublet out at lower energies, and a lighter bidoublet to be
approximately identified as the MSSM Higgs.
The scalar potential with soft SUSY breaking masses is given by
Vsoft = m
2
L˜
|L˜|2+m2
L˜c
|L˜c|2+m2
Q˜
|Q˜|2+m2
Q˜c
|Q˜c|2 (2)
+ m2ijTr
(
Φ†iΦj
)
+BµijTr
(
ΦTi τ2Φjτ2
)
.
Here we have omitted A-terms, for simplicity, since their effects are not important in the
following discussions. While the SUSY mass term for the two bidoublet Higgs superfields µij
is diagonal in Eq. (1), here we have introduced the off-diagonal Bµij term, which will be tuned
in order for the heavy Higgs bidoublet to develop a sizable VEV.
III. RGE ANALYSIS AND RADIATIVE LR SYMMETRY BREAKING
In our RGE analysis, we use a mixture of low energy data for the Standard Model gauge and
Yukawa couplings mixed with high energy inputs inspired by the MSSM. For Yukawa couplings
we only consider the 3rd generation. Using the RGEs of the SM [19] at the one-loop level we
run them from µ = MZ to µ = 1 TeV. Taking the outputs of the previous SM RGE runnings
at µ = 1 TeV as inputs for the RGEs of the MSSM [20] at the one-loop level, we solve the
MSSM RGEs until LR symmetry breaking scale vR. In this paper, we fix vR = 20 TeV as a
reference value. At the one-loop level the soft mass terms do not affect the runnings of the
gauge and Yukawa couplings. At the LR symmetry breaking we have the relations between the
hypercharge gauge coupling (gY ) and the LR gauge couplings (gR and gBL) as
gY = gR sin θR , tan θR = 2
gBL
gR
. (3)
In this analysis we choose, for simplicity, θR = 65
◦, gBL = 0.438, and gR = 0.408, which are
evaluated at vR = 20 TeV based on Eq. (3) from the known MSSM gauge couplings. The values
of the tau and top Yukawa couplings from the MSSM RGEs at µ = 20 TeV are evaluated as
Yτ ≃ 0.01 and Yt ≃ 0.8. As a matter of simplicity we choose Yq = 0.7 Yt and Yq′ = 0.3 Yt
and Yl′ = Yl = Yτ/2 as inputs at µ = 20 TeV. We run the RGEs for the Yukawa couplings
and gauge couplings (see Eqs. (A1)-(A7) in Appendix A) from 20 TeV up to a SUSY breaking
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FIG. 1: The RGE evolution of the soft mass squared for L˜c3, which becomes negative at low
energies.
mediation scale which we choose to be an intermediate scale µ = 1012 GeV, for simplicity. At
the scale of 1012 GeV, we take all gaugino masses to be 2.5 TeV except for the SU(2)R gaugino
which is 100 TeV to keep the guagino-lepton mixing within the current experimental bound.
This bound will be discussed below. The RGE invariant relation in Eq. (A2) is used for the
gaugino masses. We calculate the RGE evolutions in Eqs. (A8)-(A13) for the soft masses at the
one-loop level and run them down from µ = 1012 GeV to µ = 20 TeV. We use the evaluated
Yukawa and gauge couplings at µ = 1012 GeV as inputs into the soft mass RGEs. To realize
the LR symmetry breaking the non-universal soft mass inputs are crucial. See Table II for our
inputs at µ = 1012 GeV and outputs at µ = 20 TeV.
Our choices for the masses are a result of straightforward numerical calculation of RGEs.
At µ = 1012 GeV, gBL is the largest coupling so Yukawas can be ignored except for the RGEs
for the bidoublet Higgs mass squares. Because of this size, the sign in front of the D-term trace
given in Eq. (A14), which is involved in the RGEs of Eqs. (A8)-(A13), will dominate and could
drive the soft mass square of L˜c negative at low energies.
The running mass squared for L˜c3 is shown in Fig 1. We see that it becomes negative at
low energies. Here we consider the case that the 3rd generation right-handed slepton doublet
acquires the negative mass squared. The potential for L˜c3 is described as
V = m2
L˜c
3
|L˜c3|2+
1
8
(
g2R + 4g
2
BL
) |L˜c3|4 , (4)
and the right-handed scalar neutrino N˜ c3 develops its VEV at the potential minimum as 〈N˜ c3〉 =
4
µ = 20 TeV µ = 1012 TeV
M2
L˜c
1
2.0 × 109GeV2 2.5× 109GeV2
M2
L˜c
2
2.0 × 109GeV2 2.5× 109GeV2
M2
L˜c
3
−4.7× 107GeV2 2.1× 104GeV2
M2
Q˜c
3
3.1 × 109GeV2 2.5× 109GeV2
M2
Q˜3
1.3× 1010GeV2 1.4 × 1010GeV2
M2
L˜3
4.2 × 109GeV2 2.5× 109GeV2
M2Φ1 1.0 × 106GeV2 2.1× 108GeV2
M2Φ2 3.4 × 109GeV2 2.5× 109GeV2
Mg˜ 5000GeV 2500GeV
ML 2300GeV 2500GeV
MR 10
5GeV 105GeV
MBL 800GeV 2500GeV
TABLE II: List of soft masses at µ = 1012 GeV (inputs) and at µ = 20 TeV (outputs). Mg˜,
ML, MR and MBL are gaugino masses corresponding to SU(3)c, SU(2)L, SU(2)R and U(1)BL,
respectively.
vR/
√
2, where
vR =
√
−8m2
L˜c
3
g2R + 4g
2
BL
. (5)
The numerical value in this model for the VEV is 20 TeV and m2
L˜c
1
is evaluated at 20 TeV.
Since the SU(2)R×U(1)BL symmetry is broken by the SU(2)R doublet VEV, the gauge boson
mass relations are very similar to those in the SM. One gauge boson remains massless which is
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identified as the U(1)Y gauge boson while the three massive ones and a charge relation are
MWR =
1
2
gRvR , (6)
MZR =
1
2
√
g2R + 4g
2
BLvR , (7)
QY =
QBL
2
− T 3R . (8)
The gauge boson masses based on our runnings of the couplings and above VEV come out to
be 4.1 TeV and 9.6 TeV, respectively, which satisfies the LHC bound of MWR & 3 TeV [3].
IV. MASS BOUND ON SU(2)R GAUGINO
In the above, we stated that there is a bound on the SU(2)R gaugino mass. This bound is
unique to this model where the LR symmetry is broken by the VEV of right-handed neutrino.
After the breaking of the LR symmetry, the right-handed tau is mixed with the SU(2)R gaugino.
The relevant terms are
L ⊃MRλ˜+λ˜− + 1√
2
gRvRλ˜
−Ec =MRλ˜
+λ˜− +
√
2MWR λ˜
−Ec . (9)
We diagonalize the mass matrix as
ξ+1 = cos φλ˜
+
R + sin φE
c and ξ+2 = cosφE
c − sinφλ˜+R (10)
with a mixing angle
tanφ =
√
2MWR
MR
. (11)
The neutral current for the charged leptons in the SM is now modified as
JµZ =
2mZ
v
[(
−1
2
+ sin2 θW
)
τLγ
µτL + sin
2 θW cos
2 φ τRγ
µτR
]
, (12)
where v = 246 GeV, θW is the weak mixing angle, and mZ = 91.2 GeV. Using the precision
data at the LEP experiment for Z → τ+τ− decay width uncertainties, the modification of the
weak neutral current must not change the width by more than |δΓ|= 0.22 MeV [21]. Using
Eq. (12), we calculate the change of the decay width as
δΓ =
m3Z sin
4 θW
6piv2
(cos4 φ− 1) ≈ −m
3
Z sin
4 θW
6piv2
(
4M2WR
M2R
)
, (13)
where we have used Eq. (11) and |φ|≪ 1. Now we interpret the LEP bound as MR & 25MWR.
At the scale of vR=20 TeV we calculate MWR =4.1 TeV, so the mass MR = 100 TeV shown in
Table II is consistent with the LEP bound.
6
V. SM FERMION MASS MATRICES
We first examine the neutral fermion sector to analyze the mixing between the gauginos and
leptons from the SUSY gauge interaction after L˜c develops a nonzero VEV. The hypercharge
QY = 0 sector of the Lagrangian after LR symmetry breaking is
L ⊃ gBLvRνcλBL + 1
2
gRvRν
cλ3R +
1
2
MRλ
3
Rλ
3
R +
1
2
MBLλBLλBL, (14)
where λ3R is the gaugino corresponding to the SU(2)R generator T
3
R. The mass matrix after the
LR symmetry breaking is found to be
Mλ˜3
R
,λ˜BL,νc
=


MR 0
1
2
gRvR
0 MBL gBLvR
1
2
gRvR gBLvR 0

 . (15)
Because of the LEP bound MR ≫ MWR, λ3R is decoupled, while the right-handed neutrino
(νc) acquires its Majorana mass of O(1 TeV) through the mixing with the B-L gaugino with
MBL, gRvR, gBLvR = O(1 TeV). With this right-handed neutrino mass of O(1 TeV), the seesaw
mechanism works in our model.
After EWSB, the SM fermion mass matrices can be expressed as
Mt =
1√
2
YQvu +
1√
2
Y ′Qv
′
u = MQ +M
′
Q , (16)
Mb =
1√
2
YQvd +
1√
2
Y ′Qv
′
d = cMQ + c
′M ′Q , (17)
MDν =
1√
2
YLvu +
1√
2
Y ′Lv
′
u = ML +M
′
L , (18)
Mτ =
1√
2
YLvd +
1√
2
Y ′Lv
′
d = cML + c
′M ′L , (19)
where c = vd/vu and c
′ = v′d/v
′
u, and we have considered the 3rd generation to simplify our
discussion. Since there are two Higgs bidoublets creating four nonzero VEVs, they can all
be paramterized on a 4-sphere, allowing for 3 free parameters under the constraint v2u + v
2
d +
v′2u + v
′2
d = (246)
2 GeV2. We tune Y ′L so that there is a cancellation in Eq. (18) to produce
the neutrino Dirac mass, MDν = O(10−3 GeV), while allowing for the tau lepton Dirac mass
Mτ = O(1GeV). In the quark sector we tune the quark Yukawa coupling, Y ′Q, so that there
is a cancellation in Eq. (17) to produce Mb = O(1 GeV) while the top quark mass equation
produces Mt = O(100 GeV). Our discussion here is easily extended to the three generation
case, and we can reproduce realistic SM fermion mass matrices.
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The Dirac mass term for the neutrinos will further mix with the Higgsinos and neutral
gauginos from the EW sector as well to produce a neutralino mass matrix

0 µ11 0 0 YL
vR√
2
0 0 0
µ11 0 0 0 0 0 0 0
0 0 0 µ22 Y
′
L
vR√
2
0 0 0
0 0 µ22 0 0 0 0 0
YL
vR√
2
0 Y ′L
vR√
2
0 0 MDν 0 0
0 0 0 0 MDν 0 MWR tan θR MWR
0 0 0 0 0 MWR tan θR MBL 0
0 0 0 0 0 MWR 0 MR


. (20)
For simplicity we took the one generation case. This can be easily extended to the 3 generation
case by promoting the Yukawa couplings to 3 × 3 matrices. Since MR ≫ MWR , the SU(2)R
gaugino is decoupled. To understand the seesaw mechanism in our model, we focus on the block-
diagonal 3×3 matrix composed of the elements MDν , MWR tan θR and MBL. Since MWR tan θR,
MBL = O(1 TeV)≫ MDν = O(1 MeV), we find a mass eigenvalue for the light neutrino as
mν ≃
(
MDν
)2
MBL
= O(0.1 eV) (21)
through the seesaw mechanism.3
VI. CONCLUSIONS
We have considered a SUSY Left-Right symmetric model based on the gauge group SU(3)c×
SU(2)L × SU(2)R × U(1)BL, where in addition to the quark and lepton superfields only two
Higgs bidoublets are introduced. With suitable soft mass inputs at a SUSY breaking mediation
scale, where scalar squared masses are all positive, we have found that a right-handed slepton
doublet mass squared becomes negative in its RG evolution, and as a result, the LR symmetry
is radiatively broken to the SM gauge group by a right-handed neutrino VEV. The right-handed
neutrino VEV also generates a mass mixing between the SU(2)R gaugino and SM right-handed
3 It is interesting to notice that if MBL ≫ MWR the block-diagonal matrix has a “double seesaw” structure,
leading to mass eigenvalues approximately given by (MDν )
2/M˜ , M˜ ≃ (MWR tan θR)2/MBL and MBL.
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lepton. This is a unique feature of our model, and the mass mixing is severely constrained by
the LEP electroweak precision data. We have found the mass ratio of MR & 25MWR from the
LEP bound. Realistic SM fermion mass matrices can be reproduced by the introduction of
the two Higgs bidoublets and suitable tunings of Yukawa matrices. The right-handed neutrinos
acquire Majorana masses of O(1 TeV) through its mixing with the B-L gaugino, and the seesaw
mechanism works to generate a light neutrino mass of sub-eV scale.
In our model, R-parity is also broken by the right-handed sneutrino VEV, so that the
lightest superpartner (LSP) neutralino, which is the conventional dark matter candidate in
SUSY models, becomes unstable and no longer remains a viable dark matter candidate. As
discussed in [22, 23], even in the presence of R-parity violation, an unstable gravitino if it is
the LSP has a lifetime longer than the age of the universe and can still be the dark matter
candidate. Hence, as a simple way to incorporate a dark matter candidate in our model, we
can consider the LSP gravitino scenario. However, with the given mass hierarchy MR = 100
TeV ≫MBL = 800 GeV, it is difficult to naturally provide the LSP gravitino in 4-dimensional
supergravity mediated SUSY breaking. For a simple realization, we may consider a gravity
mediated SUSY breaking in a warped 5-dimensional supergravity [24], where gravitino is always
the LSP with a SUSY breaking mediation scale being “warped down” from the Planck mass.
This gravity mediation at low energies fits the choice of the SUSY breaking mediation scale to
be µ = 1012 GeV in our RGE analysis.
Appendix A: Renormalization Group Equations
The RGEs for the gauge couplings are
16pi2
d gi
d(lnµ)
= big
3
i , (A1)
The gaugino masses can be simply defined using the RGE invariant quantity
d
d(lnµ)
(
Mi
g2i
)
= 0 . (A2)
RGEs for the Yukawa couplings at the one-loop level are described as
16pi2
dYi
d(lnµ)
= Yiβi , (A3)
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where the beta functions for each Yukawa are defined as
βq = 4Y
†
qYq + Tr[3Y
†
qYq +Y
†
lYl + (3Y
†
qY
′
q +Y
†
lY
′
l + h.c.)]
−
(
4
9
g2BL + 3g
2
R + 3g
2
L +
16
3
g23
)
, (A4)
βq′ = 4Y
′†
qY
′
q + Tr[3Y
′†
qY
′
q +Y
′†
lY
′
l + (3Y
†
qY
′
q +Y
†
lY
′
l + h.c.)]
−
(
4
9
g2BL + 3g
2
R + 3g
2
L +
16
3
g23
)
, (A5)
βl = 4Y
†
lYl + Tr[3Y
†
qYq +Y
†
lYl + (3Y
†
qY
′
q +Y
†
lY
′
l + h.c.)]
− (4g2BL + 3g2R + 3g2L) , (A6)
βl′ = 4Y
′†
lY
′
l + Tr[3Y
′†
qY
′
q +Y
′†
lY
′
l + (3Y
†
qY
′
q +Y
†
lY
′
l + h.c.)]
− (4g2BL + 3g2R + 3g2L) . (A7)
The soft mass RGEs are
8pi2
dm2
Q˜i
d(lnµ)
=
∑
j,k
|Y ijkQ |2
(
m2
Q˜i
+m2
Q˜cj
+m2Φk
)
+
1
3
g2BLTr[QBLm
2]− 4
9
g2BLM
2
BL − 3g2LM2L −
16
3
g23M
2
3 , (A8)
8pi2
dm2
Q˜ci
d(lnµ)
=
∑
j,k
|Y ijkQ |2
(
m2
Q˜i
+m2
Q˜cj
+m2Φk
)
− 1
3
g2BLTr[QBLm
2]− 4
9
g2BLM
2
BL − 3g2RM2R −
16
3
g23M
2
3 , (A9)
8pi2
dm2
L˜i
d(lnµ)
=
∑
j,k
|Y ijkL |2
(
m2
L˜i
+m2
L˜cj
+m2Φk
)
− g2BLTr[QBLm2]− 4g2BLM2BL − 3g2LM2L , (A10)
8pi2
dm2
L˜i
c
d(lnµ)
=
∑
j,k
|Y ijkL |2
(
m2
L˜i
+m2
L˜cj
+m2Φk
)
+ g2BLTr[QBLm
2]− 4g2BLM2BL − 3g2RM2R , (A11)
8pi2
dm2Φ1
d(lnµ)
= 3
∑
i,j
|Y ijQ |2
(
m2
Q˜i
+m2
Q˜cj
+m2Φ1
)
+
∑
i,j
|Y ijL |2
(
m2
L˜i
+m2
L˜cj
+m2Φ1
)
− 3g2LM2L − 3g2RM2R , (A12)
8pi2
dm2Φ2
d(lnµ)
= 3
∑
i,j
|Y ′ ijQ |2
(
m2
Q˜i
+m2
Q˜cj
+m2Φ2
)
+
∑
i,j
|Y ′ ijL |2
(
m2
L˜i
+m2
L˜cj
+m2Φ2
)
− 3g2LM2L − 3g2RM2R . (A13)
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For equations (A8)-(A13), the trace terms are defined as
Tr
[
QBLm
2
]
= 2
∑
i
(
m2
Q˜i
−m2
Q˜ci
−m2
L˜i
+m2
L˜ci
)
. (A14)
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